Industrial wastewater treatment plants must operate properly during the transient-state conditions often found in the industrial production. This study presents the performance of simultaneous partial nitritation and o-cresol biodegradation in a continuous aerobic granular reactor under sequentially alternating pollutant (SAP) scenarios. Three SAP scenarios were imposed during the operation of the granular reactor. In each one, a secondary recalcitrant compound (either p-nitrophenol (PNP), phenol or 2-chlorophenol (2CP)) were added for a short period of time to the regular This is the author's version of a work that was accepted for publication in Bioresource technology (Ed. Elsevier) Changes resulting from the publishing process, such as peer review, editing, corrections, structural formatting, and other quality control mechanisms may not be reflected in this document. Changes may have been made to this work since it was submitted for publication. A definitive version was subsequently published in Jemaat, Z. et al. "Sequentially alternating pollutant scenarios of phenolic compounds in a continuous aerobic granular sludge reactor performing simultaneous partial nitritation and o-cresol biodegradation" in Bioresource technology, vol. 616 (June 2014), p. 354-361. DOI 10.1016/j.biortech.2014 2 influent containing only ammonium and o-cresol. Partial nitritation and o-cresol biodegradation were not inhibited by the presence of PNP or phenol and both compounds were fully biodegraded. On the contrary, the presence of 2CP strongly inhibited both processes within two days. However, the reactor was recovered in a few days. These findings demonstrate that treatment of complex industrial wastewaters with variable influent composition is feasible in a continuous aerobic granular reactor.
where partial nitritiation and phenolic compounds degradation take place simultaneously, followed by an anammox reactor (Jemaat et al., 2014 ). The aerobic reactor should guarantee an effluent suitable for the subsequent anammox stage, i.e. an effluent with a correct nitrite/ammonium ratio (around one) and without phenolic compounds.
Nevertheless, any biological treatment can confront several problems when facing variable influent characteristics due to: i) temporary stops of the upstream production process, i.e. microorganisms will suffer from starvation due to influent interruption to the industrial wastewater treatment plant (Torà et al., 2011) or ii) variable production schedules, i.e. microorganisms will be exposed to variable influent composition in which the wastewaters are characterized by the presence of sequentially alternating The presence of recalcitrant compounds during SAP scenarios can be problematic in activated sludge systems since microorganisms could be inhibited by the presence of these toxic compounds resulting in biomass washout, thereby decreasing the treatment effectiveness and in some cases, causing a complete failure of the treatment system. (Emanuelsson et al., 2008; Sipma et al., 2010) . To minimise these effects, aerobic granular sludge systems could be an alternative to overcome the activated sludge 4 limitation when facing SAP events. Aerobic granular sludge has proven to be feasible, resistant and resilient to dynamic changes in wastewater compositions compared to activated sludge (Jiang et al., 2010; Maszenan et al., 2011; Jemaat et al., 2014) . The granular sludge possesses a unique structure assembled by a consortium of microorganisms wherein various species perform different and specific roles in the biodegradation of contaminants during wastewater treatment (Beun et al., 1999) . This structure could contribute to create concentration gradients of potentially toxic or inhibitory compounds inside the granules, buffering their overall impact over more sensitive bacteria species (Maszenan et al., 2011) .
Therefore, the aim of this study was to investigate the response in front of SAP scenarios of a continuous aerobic granular sludge reactor performing partial nitritation and o-cresol removal. Three SAP scenarios were designed to mimic the situation of The investigation is focused both on the performance of the aerobic granular reactor, as well as on the impact on granular sludge characteristics in the course of SAP events.
Materials and Methods

Reactor set-up and operating conditions
The continuous granular sludge reactor performing simultaneous partial nitritation and o-cresol removal described in Jemaat et al. (2014) was utilized in this study. The reactor was an airlift type and had a working volume of 2.6 L. The internal diameter of the down-comer was 62.5 mm. The riser had a height of 750 mm and an internal diameter of 42.5 mm, and it was at 8 mm from the bottom of the down-comer.
Compressed air was supplied through an air diffuser placed at the bottom of the reactor. The reactor was equipped with dissolved oxygen (DO) (Crison DO 6050) and pH probes (Crison pH 5333) that were connected to a data monitoring system (Crison Multimeter 44). DO and pH were maintained at 2 mg O 2 L -1 and 8.1 ± 0.4 in the reactor, respectively. Air flow rate in the reactor was regulated by a rotameter (Aalborg, USA) whereas pH was regulated by the addition of NaHCO 3 into the reactor.
The temperature in the reactor was maintained at 30 ± 1.0 ºC using a temperature controller coupled with a belt-type heating device (Horst, Germany). Feeding to the reactor was made with a membrane pump (ProMinent Gamma/L).
Wastewater
The reactor was fed with a synthetic wastewater containing a high-strength ammonium Volatile suspended solids (VSS), total suspended solids (TSS) and sludge volumetric index (SVI) were determined using the procedure described in Standard Methods (APHA, 1998). The granular biomass was characterized in terms of size, biomass density and settling velocity. The size distribution of the granules was measured using image analysis with an optical microscope Zeiss Axioskop equipped with a video camera (iAi Protec). The digital image captured was further processed using Image-Pro Plus version 6.0 (Media Cybernetics, Inc.). The procedure followed was (i) to convert the original image to black and white for image processing, (ii) to define the threshold in order to delimit the area of interest in the image (i.e. the granules) and (iii) to export the selected data with the software to a worksheet. For each mean size determination, at least 50 granules were used. The density of the granular biomass was determined using the Dextran Blue method described by Beun et al. (2002) . The settling velocity was determined by placing individual granule in a column containing the described wastewater and measuring the time spent to drop a height of 40 cm (Bartrolí et al., 2010) . Also, the extracellular polymeric substances (EPS) were extracted from the granules using formaldehyde and NaOH and were analyzed according to Adav and Lee (2011) .
Chemicals used in this study were: o-cresol and 2CP in concentrated solutions (purity 99%) and PNP in granular form (purity 99%). They were supplied by Panreac (Spain).
Ammonium chloride (purity 99.5%) was supplied by Carl Roth (Germany). Phenol and all the others chemicals and reagents were purchased from Sigma-Aldrich (Spain) and the highest purities available were employed. accumulation to obtain and easily maintain partial nitritation; thus a fast recovery of the reactor performance was attained.
Practical implications
This study shows that the applicability of a two-step autotrophic BNR process to treat complex industrial wastewaters containing ammonium and phenolic compounds can be affected by the variability of the characteristics of the influent.
In the first step, an aerobic granular reactor performing simultaneous partial nitritation
and o-cresol removal can successfully deal with SAP scenarios depending on the nature of the recalcitrant compound added during the SAP event. If the recalcitrant compound can be considered as a growth substrate, such as phenol, or even a biodegradable metabolic uncoupler, such as PNP, the aerobic granular biomass is able to deal with the variability of the influent characteristics. However, if the recalcitrant compound can be considered as a highly inhibitory substance, such as 2CP, the aerobic granular biomass will fail with the wastewater treatment.
In the second step, an anammox reactor will be completely influenced by the performance of the first step in front of the SAP scenarios. If the recalcitrant compound present during an SAP event is completely removed from the beginning, such as in the case of phenol, the anammox reactor will not be affected. 
